The correlation between human T-cell leukemia virus type І (HTLV-І) infection and malignant neoplasms other than adult T-cell lymphoma (ATL) remains unknown. However, some previous papers have reported the frequency of primary malignant tumors occurring with HTLV-І infection 1, 2, 3 , and it seems likely that HTLV-І infection may contribute to the development of primary malignant neoplasms other than ATL. Thus, we analyzed the frequency of primary malignant neoplasms other than ATL in HTLV-І-seropositive patients.
From January 2006 to December 2016, 203 patients were diagnosed as HTLV-І-seropositive at Kansai Medical University Hospital. Serological tests were performed to identify patients with HTLV-І infection. The presence of serum antibody against HTLV-І was determined by western blot analysis, and the clonal integration of provirus DNA was confirmed by southern blot analysis. Subtypes of ATL were defined based on the presence of abnormal lymphocytes, serum lactate dehydrogenase, and calcium, using the criteria described by Shimoyama et al. 4 The study included a total of 203 HTLV-І-seropositive patients with a median age of 62 (range: 19-86) years old, and 45% of these subjects were male. Of this population, 43% were diagnosed as HTLV-І carriers, and 57% were identified as having ATL. The distribution of ATL subtypes was: 21% smoldering type, 3% chronic type, 16% acute type, and 17% lymphoma type ( Table 1) . Among the 203 HTLV-І-seropositive patients, 32 developed a primary malignant neoplasm. Their median age was 64 (range: 41 -84) years old, 63% of them were male, and 69% of them were HTLV-I carriers. This group had the following distribution of ATL subtypes: 31% smoldering type, 0% chronic type, 3% acute type, and 3% lymphoma type ( Table 1) . Additionally, 54% of them had a hematological malignancy other than ATL, and 46% had a solid tumor. The most frequent type of hematological malignancy in this group was T-cell lymphoma (23%) (17% anaplastic large cell lymphoma (ALCL); 3% peripheral T-cell lymphoma, not otherwise specified (PTCL, NOS); and 3% natural killer (NK)/T-cell lymphoma), followed B-cell lymphoma (16%) (all diffuse large B-cell lymphoma (DLBCL)), myeloproliferative neoplasms (MPN) (9%), and myelodysplastic The most frequent primary extra-hematological tumor locations were the lung (15%), followed by the colon (9%), prostate (6%), kidney (6%), cervix (2%), breast (2%), liver (2%), pancreas (2%), and oral cavity (2%) ( Table 2) . Three cases were overlapping more than two malignancies; colon and cervix, colon and renal, T cell lymphoma and breast. They were two carriers and one smoldering type. The median overall survival of patients with acute type ATL was 9.6 months, and that of lymphoma type ATL was 7.6 months, whereas, those of carrier, smoldering type, and chronic type were not achieved.
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Some studies have reported a positive correlation between HTLV-І infection and malignancies other than ATL. Asou et al. signaled that the prevalence of HTLV-І among 394 patients with malignant neoplasm was higher than that among healthy individuals in Kumamoto prefecture in southwestern Japan (15.48% vs. 2.98%) 1 . In that study, the most frequent neoplasm site was the lung (n=82), followed the lymphatics (n=48), stomach (n=47), and liver (n=33). Notably, their finding that the lung was the most common site for solid tumors is consistent with the results of our study. Additionally, the frequency of malignant lymphoma reported by the Asou et al. 1 study is also compatible with our finding. The high incidence of hepatocellular carcinoma appears to be regionally specific; the prevalence of hepatitis virus infection is higher in western Japan.
Regarding lymphoma, Suefuji et al. reported that B-cell lymphoma patients who were positive for HTLV-І had a worse prognosis than HTLV-І-negative patients (5-year overall survival: 49% vs. 78%, p=0.007). 5 Furthermore, a study by Brady et al. described a positive relationship between HTLV-І infection and Epstein-Barr virus (EBV) infection. In their study, 3 of 7 HTLV-І carriers developed de novo DLBCL, and these patients were also positive for EBV. 6 Although not all cases of B-cell lymphoma in HTLV-I carriers involve patients who are also positive for EBV infection, it is possible that when host immunity is suppressed by HTLV-І, EBV may become activated, subsequently leading to the development of B-cell malignant lymphoma. In our institute, we do not routinely examine EBV because it is not covered by insurance. Thus, it is not clear whether our cases are positive for EBV or not.
The prevalence of T-cell lymphoma in our study was high, but this may be the result of inaccurate diagnoses. Morphologically, ATL is challenging to distinguish from PTCL-NOS in pathological tissue unless the monoclonal proliferation of HTLV-І provirus can be proven. Although flow cytometry to detect CC chemokine receptor 4 (CCR4) often helps to distinguish between these diagnoses, there are some cases in which the flow cytometry results are inconclusive. Furthermore, the confirmation of provirus proliferation cannot be performed without a block of residual tissue, and this procedure is not covered by medical insurance. Therefore, it is presumed that there might be some cases in which provirus proliferation could not be confirmed, leading to these cases being diagnosed clinically as PTCL-NOS.
This study has some limitations, including its retrospective design, a small number of patients and a single facility. Despite a small number of patients, our results revealed that neoplasm prevalence rate with HTLV-І positive is significantly high (about 15%), compared to total cancer prevalence rate to the population in Osaka (about 0.6%).
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The mechanism responsible for the high prevalence of primary malignant neoplasm associated with HTLV-І infection is currently unknown. We hypothesize that because the chronic HTLV-І infection is associated with host immunosuppression, this condition leads to an increased risk of developing other malignancies.
There are several reports supporting this speculation. Kannagi et al. revealed that the cytotoxic T-cell response was reduced in HTLV-І-infected patients. 8 Additionally, Ogura et al. reported that NK cells were suppressed in ATL. 9 Notably, regulatory T-cells (Tregs) commonly contribute to suppressing immune responses against tumors, and ATL is described as the malignant proliferation of CD4-and CD25-positive cells such that Tregs become tumor cells. 10, 11 Thus, the primary mechanism for the link between HTLV-I infection and malignancy might be host immunosuppression, caused by Tregs becoming tumorigenic, allowing the development of a malignant clone. Further studies are needed to establish what triggers the onset and subsequent development of ATL or other malignancies in HTLV-I-seropositive patients.
In conclusion, our results suggest that HTLV-І infection is often associated with the development of other malignant neoplasms. Therefore, HTLV-І-positive patients, including HTLV-I carriers, should be made aware of their increased risk for the onset of a malignant neoplasm and undergo increased surveillance. Further investigations are required to elucidate how HTLV-І affects antitumor immunity.
